Supplementary Note 1: Location of the Dirac point
As shown in Fig. S1 , the bands of the QAH sample mostly reveal the Dirac cone structure below the Dirac point. Usually, in the (Bi, Sb) 2 Te 3 topological insulator family, one could find that the lower part of surface bands is always much broader than the upper ones. Another issue may also cause bands broadening is the V-doping in (Bi, Sb) 2 Te 3. Those two points together make the determination of the energy of the Dirac point (E D ) more difficult. To decrease the uncertainty, two methods were carried out to determine the location of the Dirac point.
As shown in Fig. S1 , direct linear fitting of the surface bands along two different high symmetric directions give the E D ~ -59 meV. 
Supplementary Note 2: Decapping procesure of the QAH films
To remove the Te capping layer of QAH films in UHV chamber before ARPES experiment, very careful annealing of the sample is performed.
Since the QAH film starts to decompose at 300 °C, and Te capping layer could be removed between the temperature range of 200 -280 °C, it is good to perform the de-capping procedure at lower temperature, which is challenging for typical infrared radiation (IR) temperature measurement. Therefore, we gradually increased the annealing current and simultaneously monitored the samples by RHEED. Appearance of the sharp RHEED pattern of the QAH films (Fig. S3a) indicates the proper de-capping temperature. Higher annealing temperature (higher current) would cause the decomposition of the QAH film and signature of substrate in RHEED pattern (Fig. S3b) . Several rounds of the annealing procedures were performed to optimize the decapping temperature. 
